Objectives: We sought to clarify the effect of stroke severity on clinical outcomes in patients with infective endocarditis (IE) with cerebral complications and evaluate the impact of early surgery in the active phase on long-term prognosis in patients with nonsevere neurologic deficits.
Results: Baseline NIHSS score was associated strongly with clinical outcome. When patients were divided into 2 groups according to NIHSS, 33 patients had severe stroke (NIHSS !11) and 137 had nonsevere stroke (NIHSS 10); freedom from IE-related death and major adverse cardiac events was significantly lower in patients with severe stroke than in those with nonsevere stroke. Of 137 patients with nonsevere stroke, 65 underwent early surgery within 2 weeks of onset, and conventional treatment was applied in 72. Freedom from IE-related death was significantly greater in patients undergoing early surgery than in those on conventional treatment (P ¼ .007). Moreover, adjusted survival analysis using the inverse probability treatment weighting method showed a significant beneficial effect of early surgery in reducing IE-related death (P ¼ .012) in patients with nonsevere stroke.
Conclusions: Early surgery might be beneficial in patients with nonsevere stroke. (J Thorac Cardiovasc Surg 2017;153:831-40)
Survival curves free from infective endocarditisÀ related death in patients with nonsevere stroke.
Central Message
Stroke severity is associated strongly with clinical outcomes in patients with infective endocarditis, and early surgery might be beneficial in those patients with nonsevere stroke.
Perspective
When and for whom surgical intervention should be undertaken for patients with infective endocarditis with cerebral complications remains controversial. Considering the poor clinical outcome of patients with infective endocarditis with severe stroke, the treatment strategy for each of these patients should be customized according to their condition. Early surgery, however, might be beneficial in patients with nonsevere stroke.
See Editorial Commentary page 841.
Cerebral complications occur in 20% to 40% of patients during the active course of infective endocarditis (IE) and can be associated with poor clinical outcomes. [1] [2] [3] [4] [5] [6] Surgical intervention is effective for selected patients with IE who have cerebral complications. When and for whom surgical intervention should be undertaken is controversial because the risk of secondary neurologic exacerbation related to cardiopulmonary bypass is thought to be substantial. Several studies, however, have reported that the risk for deterioration of cerebral complications during cardiac operations, even in the acute phase of cerebral complications, might be lower than estimated previously. 7, 8 In contrast, previous studies showed that early surgery during initial hospitalization 4 or within 2 weeks after the diagnosis 9 was associated with clinical benefits in patients with IE. The effect of early surgery for active IE with cerebral complications on clinical and neurologic outcomes, however, has not been clarified. Moreover, which patients should undergo early surgery remains a conundrum.
In previous studies reporting that abnormal mental status is a strong predictor of mortality in patients with IE, authors used the Glasgow Coma Scale for the evaluation of neurologic deficits. 2, 10 The National Institutes of Health Stroke Scale (NIHSS), a 15-item tool based on neurologic examination, has been used to evaluate the severity of stroke in detail. 11, 12 The NIHSS, however, has not been used for evaluation of IE-related stroke. To identify precisely the effect of stroke severity on clinical outcomes, the evaluation of the degree of neurologic deficit using the NIHSS may be crucial. We hypothesized that stroke severity is associated strongly with clinical outcomes and that the treatment strategy should be designed individually according to severity. Moreover, early surgery might be beneficial in patients with IE with nonsevere stroke. Therefore, the present study aimed to clarify the effect of stroke severity on clinical outcomes in patients with IE with cerebral complications and to evaluate the impact of early surgery in the active phase on long-term prognosis in patients with nonsevere neurologic deficits.
METHODS

Study Population and Clinical Data
From 1990 to 2014, a total of 365 patients with active left-sided IE were admitted to our institution. Possible and definite IE were defined with the modified Duke criteria, 13, 14 and episodes that were recorded before 1994 were evaluated retrospectively according to these criteria. A total of 263 (72%) patients underwent computed tomography (CT) and/or magnetic resonance imaging (MRI), which revealed that 170 patients were diagnosed as having stroke including cerebral infarction and cerebral hemorrhage. Patients who had only meningitis or encephalopathy without stroke were excluded. The diagnosis of stroke was confirmed by CT and/or MRI. Stroke was diagnosed simultaneously with the diagnosis of IE in 60 (35%) patients (31 symptomatic and 29 asymptomatic patients). Stroke also was diagnosed previously in 42 (25%) patients (38 symptomatic and 4 asymptomatic patients) at a median of 3 days before diagnosis of IE and diagnosed later in 68 (40%) patients (22 symptomatic and 46 asymptomatic patients) at a median of 3 days after diagnosis of IE. As a result, 91 (54%) patients had symptoms of stroke and 79 (46%) patients were asymptomatic. In this study, hemorrhagic infarction was considered separately and differentiated from primary cerebral hemorrhage by radiologists and neurologists.
Using medical records, we extracted data on comorbidities, previous heart disease, isolated micro-organisms, manifestations of IE, the timing and type of cardiac surgery, logistic European System for Cardiac Operative Risk Evaluation, 15 and clinical outcomes. The NIHSS score was assessed prospectively and retrospectively from a chart review as reported previously. [16] [17] [18] In this study, it was assessed prospectively by neurologists in 18 (11%) patients and retrospectively in 152 (89%) patients. The NIHSS score was evaluated at the onset of stroke in symptomatic patients or when patients were diagnosed as having stroke with CT and MRI in asymptomatic patients. Neurologic recovery was assessed with the modified Rankin Scale, a scale commonly used for measuring the degree of disability or dependence in daily activities. 19 In this study, a modified Rankin Scale of 0 or 1 was defined as full neurologic recovery, as previously described. 20 With regard to treatment strategy, early surgery was defined as surgical intervention within 14 days (2 weeks) after the initial diagnosis of IE (early surgery group) and conventional treatment was defined as initial antibiotic therapy without early surgery (conventional treatment group).
9 Late surgery was defined as surgical intervention later than 14 days after the initial diagnosis of IE. The timing of surgery was based on the decision of the attending physician. The indications for valve surgery were heart failure unresponsive to medical therapy, persistent infection, repeat embolization, high embolic risk, and the presence of perivalvular extension of IE. Late surgery was indicated in patients undergoing conventional treatment because of residual severe regurgitation after the resolution of infection.
This study was approved by the institutional review board of Kobe City Medical Center General Hospital. Waiver of informed consent was obtained because of the nature of the study.
Clinical Outcomes
All of the patients were followed up at the outpatient clinic every 4 to 8 weeks after discharge. Further follow-up was performed by the referring physician. A total of 38 (22%) patients could not be contacted and were lost to follow-up. The mean follow-up period was 4.3 AE 5.3 years (732 patient-years). Comparison of patient characteristics between patients who were lost to follow-up and those who completed follow-up are shown in Table E1 .
In-hospital outcomes, including neurologic and long-term clinical outcomes, such as IE-related death and major adverse cardiac events (MACE), were evaluated. MACE were defined as a composite of IE-related death, repeat surgery, and recurrence of IE during follow-up. IE-related death included cardiac death and death caused by complications of IE while excluding death obviously unrelated to IE (eg, death from malignant disease).
Statistical Analysis
Categorical variables were compared with the c 2 test or Fisher exact test. Continuous variables are presented as mean AE standard deviation, except for operative days and survival rates (mean AE standard error), and were compared by the use of unpaired t tests. Because operative days after onset were not normally distributed, a Mann-Whitney U test was performed to assess differences.
To reduce selection bias and potential confounding in an observational study, we performed rigorous adjustment for differences in baseline characteristics of patients using propensity scores and inverse probability treatment weighting (IPTW). 21 Propensity scores were defined as the probability that patients would be selected for an early surgical procedure conditional on the measured baseline covariates. Details of the analyses were described in Appendix E1.
Survival analysis was performed by Kaplan-Meier analysis, and differences in survival between groups were examined with the log-rank test. Adjusted survival curves were constructed by use of the IPTW approach Table 1 shows the effect of the baseline NIHSS score on the modified Rankin Scale at discharge and IE-related surgery. The baseline NIHSS score strongly predicted shortand long-term outcomes. The results of the subdistribution hazard model considering death and surgical intervention as competing risks are shown in Appendix E1. A total of 29 (88%) of 33 patients who had an NIHSS score !11 had a poor clinical outcome (modified Rankin Scale !4) regardless of the treatment strategy. A total of 102 (74%) of 137 patients who had an NIHSS score 10 achieved an excellent or good outcome (modified Rankin scale 3). In addition, the hazard ratio for IE-related death was increased in patients who had an NIHSS score !11. According to these findings, we divided patients into 2 groups based on the NIHSS score: severe stroke (NIHSS score !11) and nonsevere stroke (NIHSS score 10). Figure 1 shows the flow diagram for the patients in the 2 groups. Of the 170 patients, 33 (19%) had severe stroke (NIHSS !11) and 137 (81%) had nonsevere stroke (NIHSS 10). In patients with severe stroke, 11 (33%) underwent early surgery and 22 (67%) received conventional treatment. Of the 137 patients with nonsevere stroke, 65 (47%) underwent early surgery (Video 1) and 72 (53%) received conventional treatment. Among the patients who received conventional treatment, 38 (53%) patients underwent late surgery and the other 34 (47%) received medical treatment alone. As a result, 76 (45%) patients underwent early surgery and 42 (25%) patients underwent late surgery (41 patients during the initial hospitalization). Late surgery was indicated in 33 (79%) patients because of persistent infection and in 7 (17%) patients for recurrent embolic events. The remaining patients had late surgery because of severe regurgitation after the resolution of infection. Table 2 shows the baseline characteristics and clinical outcomes in patients with severe and nonsevere stroke. In-hospital mortality 22 (16) 5 (15) .898 Renal failure (Cr >2.0 mg/dL), n (%)
RESULTS
Baseline NIHSS Score and Clinical Outcome
26 (19) 5 (15) .609 Dialysis, n (%)
15 (11) 2 (6) .401 History of IE, n (%)
11 (8) 2 (6) .734 Vegetation site Aortic, n (%) 58 (42) 15 (46) .745 Mitral, n (%)
99 (72) 27 (82) .261 Aortic and mitral, n (%)
23 (17) 9 (27) .167 PVE, n (%)
23 (17) 5 (15) .820 Vegetation >10 mm, n (%)
89 (65) 23 (70) .607 Abscess, n (%)
24 (18) 4 (12) .453 Pathogens Streptococcus spp., n (%) 58 (42) 8 (24) .056 Staphylococcus spp., n (%)
43 (31) 38 (28) 4 (12) .062 Postoperative cerebral infarction, n (%) 10 (10) 0 (0) .207 Postoperative cerebral hemorrhage, n (%)
13 (13) 4 (27) .180 Postoperative neurologic worsening, n (%)
21 (20) 4 (27) .578 Symptomatic neurologic worsening, n (%)
11 (11) 3 (20) .297 Clinical outcome
In-hospital death, n (%) 19 (14) 19 (58) <.001 After surgery, n (%) 6 (4) 6 (18) .013 After medical treatment alone, n (%)
13 (9) (58% vs 14%, P<.001) and the modified Rankin Scale at discharge were significantly greater in patients with severe stroke than in those with nonsevere stroke (P<.001). Figure 2 shows a comparison of IE-related death and MACE during follow-up periods between patients with severe stroke and those with nonsevere stroke. Freedom from IE-related death and MACE was significantly lower in patients with severe stroke than in those with nonsevere stroke (at 5 years for IE-related death: 38% AE 9% vs 80% AE 4%, P<.001; at 2 years for MACE: 25% AE 10% vs 73% AE 4%, P <.001).
Effect of Early Surgery on Clinical Outcomes in Patients With Severe Stroke
In 11 patients with severe stroke who underwent early surgery, 4 (36%) died in the index hospitalization, and 3 (27%) were discharged with full neurologic recovery. In 22 patients who received conventional treatment, 15 (68%) died in the index hospitalization and 1 (5%) achieved full neurologic recovery at discharge. Unadjusted survival curves free from IE-related death and MACE are shown in Figure 3 . There were no significant differences in estimated survival free from IE-related death and MACE between patients with severe stroke undergoing early surgery and those on conventional treatment (P ¼ .223 for IE-related death and P ¼ .631 for MACE).
Effect of Early Surgery on Clinical Outcomes in Patients With Nonsevere Stroke
Baseline characteristics of patients with nonsevere stroke according to treatment strategy are shown in Table 3 . Inhospital mortality was significantly lower in patients undergoing early surgery than in those receiving conventional treatment (3% vs 24%, P < .001). The modified Rankin Scale at discharge also was significantly lower in patients undergoing early surgery than in those on conventional treatment (P ¼ .009). Unadjusted and adjusted survival curves free from IE-related death or MACE are shown in Figure 4 . Freedom from IE-related death was significantly greater in patients undergoing early surgery than in those receiving conventional treatment (at 5 years for IE-related death: 91% AE 3% vs 70% AE 5%, P ¼ .007, Figure 4 , A). After adjustment with IPTW, patients undergoing early surgery had better survival free from IE-related death than those on conventional treatment (log-rank P ¼ .012, . Unadjusted and IPTW-adjusted survival curves free from MACE, however, showed a tendency towards greater freedom from MACE in patients who underwent early surgery than in those who received conventional treatment ( Figure 4 , B and D, P ¼ .082 and P ¼ .122, respectively); however, these differences did not reach statistical significance.
Baseline Characteristics and Clinical Outcomes According to Study Term, Stroke Symptoms, and Timing of Stroke Diagnosis
Because we analyzed the long-term experience of IE treatment, clinical practice and patients' characteristics might have changed during the study period. Therefore, we divided the study period into 2 terms and assessed the 7 (11) 15 (21) .109 Renal failure (Cr >2.0 mg/dL), n (%)
10 (15) 16 (22) .308 Dialysis, n (%) 4 (6) 11 (15) .088 History of IE, n (%)
5 (8) baseline characteristics and outcomes according to these terms (Appendix E1 and Table E2 ). Table E3 shows the relationships between imaging findings and NIHSS stratifications. In addition, baseline characteristics and clinical outcomes according to stroke symptoms and timing of stroke diagnosis were also shown in the Appendix E1 and Tables E4 and E5 .
Agreement of Prospective and Retrospective NIHSS
We retrospectively analyzed NIHSS score in the 18 patients in whom the NIHSS was assessed prospectively by neurologists. Results are shown in Appendix E1.
Postoperative Clinical Outcomes in Patients With Nonsevere Hemorrhagic Stroke
Appendix E1 and Table E6 show postoperative adverse events and clinical outcomes in patients with nonsevere stroke according to treatment strategy and hemorrhagic stroke.
Predictors of Poor Modified Rankin Scale at Discharge in Patients With Nonsevere Stroke
The results of logistic regression analyses of predictors of poor modified Rankin Scale are shown in Appendix E1 and Table E7 .
DISCUSSION
The present study evaluated the clinical outcomes of patients with active IE who had cerebral complications related to stroke severity. The main findings of our study were as follows: (1) patients with active IE complicated by severe stroke (NIHSS score !11) had a greater rate of IE-related mortality (P < .001) and MACE (P < .001) than those with nonsevere stroke (NIHSS score 10); (2) in patients with nonsevere stroke, the survival rate free from IErelated death in the early surgery group was significantly greater than that in the conventional treatment group (P ¼ .007); and (3) patients complicated by severe stroke had a poor prognosis, regardless of the treatment strategy. These findings suggest that early surgical intervention within 2 weeks may further improve clinical outcomes, with acceptable mortality and neurologic prognosis in patients with active IE complicated by nonsevere stroke.
There is no recommendation in the current guidelines regarding the management of active IE with cerebral complications. 23 In particular, which patients should undergo early surgery has not been determined. In the present study, patients with severe neurologic deficits had a poor prognosis regardless of undergoing early surgery. Therefore, the treatment strategy for these patients should be determined according to other clinical conditions of each patient. However, early surgery might be beneficial in IE patients with nonsevere stroke. To clarify this issue, we selected patients who had mild-to-moderate neurologic symptoms according to the NIHSS and assessed the impact of early surgery on their clinical outcome.
Early surgery has positive and negative effects on patients with IE with stroke. Cardiac surgery potentially may worsen the neurologic deficit because of complications of cerebral hemorrhage related to heparinization and extension of ischemic lesions related to hypotension during cardiopulmonary bypass. In addition, the risk of embolization on optimal medical therapy is relatively small in appropriately selected patients who have less-aggressive organisms and smaller vegetation when aggressive antibiotic therapy is instituted and appropriate drug concentrations have been obtained.
Several studies, however, have demonstrated that the risk of neurologic exacerbation by early surgery appears to be relatively low. 7, 8, 10 The International Collaboration on Endocarditis-Prospective Cohort Study group recently found that there was no apparent survival benefit in delaying surgery in patients with ischemic stroke. 24 Moreover, another recent study reported that the risk of hemorrhagic transformation of preoperative acute cerebral infarction is low in patients with early surgery. 25 In the present study, although the incidence of symptomatic neurologic worsening owing to postoperative cerebral infarction and cerebral hemorrhage was not negligible in those who underwent early surgery, the rate of full neurologic recovery at discharge was almost 70%. Therefore, early surgery might not have a negative effect on neurologic prognosis.
With regard to long-term clinical outcomes, unadjusted and IPTW-adjusted survival analysis showed a beneficial effect of early surgery on IE-related death in patients with nonsevere stroke (P ¼ .007 and P ¼ .012, respectively). These results suggest that early surgery improves clinical outcomes, with acceptable postoperative mortality and neurologic morbidity, in patients with mild-to-moderate neurologic deficits. Although there was a tendency towards a greater rate of freedom from MACE in patients with early surgery than in those receiving conventional treatment, however, these differences did not reach statistical significance in both unadjusted and adjusted survival analysis (P ¼ .082 and P ¼ .122, respectively). This finding may be attributable partially to greater rates of IE recurrence and repeat surgery in patients undergoing early surgery. Our findings suggested that prolonged postoperative antibiotic therapy and close surveillance might be necessary in patients with nonsevere stroke who have undergone early surgery.
Another clinical issue is the optimal timing of surgical treatment. The risk of embolism has been reported to be greater within 14 days after the initial diagnosis of IE than after 14 days. 26, 27 However, although surgery can reduce the risk of recurrent embolization and worsening of septic conditions and heart failure, immediate surgery after the onset of stroke may cause serious postoperative complications. Thus, previous reports have suggested that surgeons should wait for 14 days to operate on patients after cerebral complications. 28, 29 In contrast, Piper and colleagues 7 reported that cardiac surgery should be performed within 72 hours of cerebral embolism, when the risk of secondary cerebral hemorrhage appears to be low. Considering these findings, we defined early surgery as surgical intervention within 14 days after the initial diagnosis. Consequently, in patients with nonsevere stroke, although the incidence of postoperative symptomatic neurologic worsening was greater in the early surgery group than in the late surgery group, this difference did not reach statistical significance. The rate of full neurologic recovery at discharge was significantly greater in the early surgery group. These findings suggest that surgical intervention may not need to be delayed until 14 days after the initial diagnosis of IE. Further investigations will be required to clarify the optimal timing of surgical intervention for patients with cerebral complications.
In the present study, we assessed the NIHSS to evaluate the severity of stroke. Previous studies have reported that abnormal mental status is a predictor of mortality using a physician's qualitative evaluation or Glasgow Coma Scale.
2,10 Mental status is not sufficient, however, for an assessment of stroke severity. The NIHSS is a method for rapid assessment of stroke severity, with excellent reliability, and has been used in many studies. 11, 12, 20, 30 Moreover, a minimal amount of training is required to reliably administer this tool, even by non-neurologists. 11 Therefore, we believe that evaluating the level of neurologic deficit by the NIHSS is useful for determining the treatment strategy in patients with IE complicated by stroke.
Study Limitations
This study has several limitations. First, the inherent limitations of a nonrandomized retrospective study design should be acknowledged. The choice of early surgery was at the discretion of the treating physician. Despite rigorous adjustment for selection bias and confoundings with the IPTW method, hidden biases or residual confounding may have affected the results. In addition, because of the retrospective study design, 38 (22%) patients were lost to follow-up, which may have affected the study results. Patients who were lost to follow-up, however, had comparable clinical characteristics to those who were followed-up. Thus, it is unlikely that the patients lost to follow-up had a greater rate of mortality than those who completed followed-up. Moreover, we did not screen all asymptomatic patients with IE, which may lead to an unintended selection bias. Therefore, large randomized clinical trials with longterm follow-up will be necessary to verify our findings. Second, because the decision of operative timing may change according to the patient's condition, propensity score calculation might be inappropriate. This ''survivor treatment bias'' or ''time-dependent bias'' occurs because patients who live longer are more likely to receive treatment than patients who die early. 31 However, to minimize survivor treatment bias, we excluded patients with severe stroke in the IPTW analysis, in whom in-hospital mortality was relatively high, and focused on patients with nonsevere stroke to assess the role of early surgery. In addition, we evaluated the role of early surgery within 14 days after the onset. The term of 2 weeks is shorter than that in previous studies, in which surgery was coded as a binary variable during initial hospitalization. 4, 32 Therefore, the effect of time-dependent bias might be minimized. Third, because our analysis was underpowered to detect significant differences of clinical outcomes in severe stroke patients, the effects of early surgery may not have been evaluated in these patients. Fourth, we retrospectively assessed the NIHSS from a chart review in 152 (89%) patients. Nevertheless, several previous studies have shown that retrospective analysis using the NIHSS correlates well with prospective analysis by neurologists. 17, 18 In addition, when we retrospectively analyzed NIHSS scores in the prospectively analyzed 18 patients, agreement was nearly perfect and retrospective NIHSS scores were not significantly different from prospective NIHSS scores. Therefore, we consider that our approach could be acceptable. Finally, we analyzed a 24 year experience and clinical practice has changed during this time period. CT and MRI were used more frequently in recent years, which leads to more asymptomatic patients identified with these modalities.
Future Directions
How to customize the treatment strategy in patients with severe stroke is a problem. If operative mortality could be predicted by various factors, including the NIHSS, CT/ MRI findings, and patients' clinical conditions, this could be useful. Further large-scale prospective cohort studies are required to determine how to treat these patients.
CONCLUSIONS
Considering the poor clinical outcome of patients with IE and severe stroke, the treatment strategy for each of these patients should be customized according to their condition; however, early surgery might be beneficial in patients with nonsevere stroke.
APPENDIX E1 Statistical Analysis
For the estimation of the propensity score, we used a logistic regression model in which the treatment status (early surgery) was regressed based on the following baseline characteristics: age, sex, smoking history, aortic valve involvement, mitral valve involvement, aortic and mitral valve involvement, prosthetic valve endocarditis, abscess formation, large vegetation, cerebral infarction, cerebral hemorrhage, baseline National Institutes of Health Stroke Scale (NIHSS), and baseline Glasgow Coma Scale score. The resulting c-index was 0.751, indicating excellent discrimination. The inverse probability treatment weighting method based on the propensity score was used to reduce confounding in time-to-event observational data. With this technique, weights for patients receiving conventional treatment were the inverse of 1 minus the propensity score, and weights for patients receiving early surgery were the inverse of the propensity score.
Comparison of Patient Characteristics Between
Patients who were Lost to Follow-up and Those who Completed Followed-up Table E1 shows baseline characteristics according to whether patients were lost to follow-up. The clinical characteristics regarding background characteristics, vegetation sites, pathogens, and cerebral complications were similar in the lost to follow-up group and followed-up groups. There were more patients with nonsevere strokes in the lost to follow-up than followed-up group and logistic European System for Cardiac Operative Risk Evaluation scores were lower in the lost to follow-up group.
NIHSS Score and All-Cause Death
To minimize the survival treatment effect, we considered death and surgical intervention as competing risks and fitted subdistribution hazard models for death and surgical intervention with the NIHSS score as a continuous variable. We found that the hazard ratio of the NIHSS score from the subdistribution model for death was 1.05 (95% confidence interval 1.03-1.08, P <.001). This finding suggests that a greater NIHSS score is associated with greater allcause mortality.
Baseline Characteristics and Clinical Outcomes According to Study Term
Because we analyzed our very long-term experience of IE treatment, clinical practice and patients' characteristics might have changed during the study period. Therefore, we divided the study period into 2 terms and assessed the baseline characteristics and outcomes according to these terms (Table E2) . We found that the mean age of patients and use of magnetic resonance imaging was significantly greater in the later term than in the earlier term. Features of cerebral complications were not significantly different between these terms. Although operative timing was significantly earlier in the later term than in the earlier term, there were no significant differences in clinical outcomes between the terms, except for all-cause death.
Baseline Characteristics, Imaging Findings, and Clinical Outcomes According to Stroke Symptoms Table E3 shows the relationships between imaging findings and NIHSS stratifications. In our study, 79 (46%) patients were asymptomatic (NIHSS score ¼ 0). Of these, 54 (68%) patients had cerebral infarction and 36 (46%) patients had cerebral hemorrhage. Of the 54 patients with cerebral infarction, 32 (59%) patients underwent early surgery. Only one patient died after the operation, and 28 (88%) patients were discharged without significant disability. In the 36 patients with cerebral hemorrhage, however, 17 (47%) patients underwent early surgery and there was no in-hospital mortality. Only one (6%) patient was discharged with modified Rankin Scale of 5, whereas the remaining 16 (94%) patients were discharged with full neurologic recovery. Table E4 shows baseline characteristics and clinical outcomes according to stroke symptoms. Although the proportion of patients who underwent early surgery was similar between symptomatic and asymptomatic patients, there were no significant differences in postoperative cerebral infarction and hemorrhage between these 2 types of patients. However, asymptomatic patients had a significantly better clinical outcome than symptomatic patients. Table E5 shows baseline characteristics and clinical outcomes according to the timing of stroke diagnosis. In patients in whom stroke was diagnosed simultaneously with or before IE, there were more symptomatic patients and less patients showed a full neurologic recovery than patients in whom stroke was diagnosed later.
Baseline Characteristics and Clinical Outcomes According to Timing of Stroke Diagnosis
Agreement of Prospective and Retrospective NIHSS
To assess agreement of prospective and retrospective NIHSS score, we retrospectively analyzed NIHSS score in the 18 patients in whom the NIHSS was assessed prospectively by neurologists. As a result, we found that agreement also was nearly perfect for prospective and retrospective NIHSS scores in the 18 patients in whom the NIHSS was assessed by a neurologist (r ¼ 0.97, r 2 ¼ 0.94, beta ¼ 1.04, 95% confidence interval beta, 0.89-1.16, P < .001). Retrospective NIHSS scores were not significantly different from prospective NIHSS scores (mean, 11.1 and 11.5, respectively; median, 12.5 and 12.5, respectively; P ¼ .32 by the Wilcoxon signed rank test), which indicated no systematic bias in retrospective scoring.
Postoperative Clinical Outcomes in Patients With Nonsevere Hemorrhagic Stroke
There were no significant differences in postoperative adverse events and clinical outcomes between patients with or without hemorrhagic stroke in both early surgery group and conventional treatment group (Table E6) .
Predictors of Poor Modified Rankin Scale at Discharge in Patients With Nonsevere Stroke
The results of univariate and multivariate logistic regression analyses of predictors of poor modified Rankin Scale at discharge in patients with nonsevere stroke are listed in Table E7 . Multivariate analysis revealed that renal failure, European System for Cardiac Operative Risk Evaluation scores, NIHSS score, and conventional treatment were significant predictors of poor modified Rankin Scale at discharge. 11 (29) 40 (30) .872 DM, n (%)
9 (24) 18 (14) .135 Renal failure (Cr > 2.0 mg/dL), n (%) 9 (24) 22 (17) .324 Dialysis, n (%)
3 (8) 14 (11) .445 History of IE, n (%) 1 (3) 12 (9) . 
